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Foreword

ISO (the International Organization for Standardization) is a worldwide federation of national standards
bodies (ISO member bodies). The work of preparing International Standards is normally carried out
through ISO technical committees. Each member body interested in a subject for which a technical
committee has been established has the right to be represented on that committee. International
organizations, governmental and non-governmental, in liaison with ISO, also take part in the work.
ISO collaborates closely with the International Electrotechnical Commission (IEC) on all matters of
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Introduction

Specific qualitative and quantitative test methods for demonstrating freedom from unacceptable
biological hazards are not included in this document, but it is recommended that, for the assessment of
possible biological hazards, reference should be made to ISO 10993-1 and ISO 7405.

Requirements for the materials properties of polymer-based composite machinable blanks are not
included in this document, but these requirements will be included in a future edition of ISO 10477.

The test method to determine the bonding properties between blank and holding jig is not included in
this document, but it is recommended to adopt the test procedure given in Annex C when measuring the
bonding properties between blank and holding jig.

© IS0 2023 - All rights reserved v
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INTERNATIONAL STANDARD ISO 5139:2023(E)

Dentistry — Polymer-based composite machinable blanks

1 Scope

This document specifies the characteristics of polymer-based composite machinable blanks with
respect to the milling process and provides the test methods that address the clinical issues specific
to those materials. In addition, this document specifies the items to be described on the packaging and
matefials, as well as descriptions to be Included 1n the INstructions 1or use.

The plolymer-based composite machinable blanks covered in this document are blanksythat are used for
fabridating permanent dental restorative appliances (e.g. single crowns or inlays)-by/milling processes.
They do not include large-sized blanks (e.g. discs) that allow for the fabrication’6ftwo or fnore units of
crowns or bridges from one blank or materials for temporary use.

2 Normative references

The fpllowing documents are referred to in the text in such a-way that some or all of their content
constjtutes requirements of this document. For dated references, only the edition cited applies. For
undafed references, the latest edition of the referenced document (including any amendménts) applies.

ISO 1942, Dentistry — Vocabulary
ISO 3696:1987, Water for analytical laboratory use —\Specification and test methods
ISO 4P49:2019, Dentistry — Polymer-based restorative materials

ISO §344-3, Coated abrasives — Determination and designation of grain size distributign — Part 3:
Microgrit sizes P240 to P5000

[SO 6872:2015, Dentistry — Ceramic materials
[SO 8p01-1, Date and time — Representations for information interchange — Part 1: Basic rules

ISO 18675:2022, Dentistry'— Machinable ceramic blanks

3 Terms and definitions
For the purpases'of this document, the terms and definitions given in ISO 1942 and the following apply.

[SO and JEGmaintain terminology databases for use in standardization at the following addresses:

I ONals L 3 lotfor ilall £ L+
- OoTHIIIC OT O W STITES PTaAtIOTTIT. ~a v dITaUTC atIIcT

Ll 3 ralal
PSS 77 WWWIASOOTE7 00D

— IEC Electropedia: available at https://www.electropedia.org/

31

polymer-based composite machinable blank

piece of solid polymer-based composite (3.2) thatis subjected to subtractive methods to remove material
from the piece leaving the final desired part

3.2

polymer-based composite

polymer-based dental material including either organic filler or inorganic filler, or both fillers that have
been treated by a coupling agent to ensure chemical bonding with the polymeric matrix

©1S0 2023 - All rights reserved 1
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3.3
holding jig
mandrel

jig that attaches a composite resin block to be mounted for milling machine

4 Characteristics

4.1 Requi

rement

Measure five product blanks in accordance with the method described in 6.2. The dimensions of all

blanks shall |

4.2 Recon

4.2.1 Madl

The machini

TOt be STatter tharm 6;2 5 T o targeT tirar 1,00 T thar the size specitied i Chauss

nmendations

hining damage

hg damage of blanks should be evaluated in accordance with the methods described

hinability

The machinapility of blanks should be evaluated using the test methad fer merlon fracture test gi

4.2.2 Mac
ISO 18675:2
4.2.3 Bonq(

The bonding
method for b

22, Clause 8.

ling properties between blank and holding jig

onding properties is described in Annex C.

5 Sampling

The test sam
to the purpo
tests, plus an

6 Testm

6.1 Gener

Test specimg
30 %.

ple shall consist of one or more packages for retail of one selected shade, correspo
Ge of the test, from a single batch and contain sufficient material to carry out the spe
allowance for any necessary repetition of tests.

pthods

al

ns shall-bé prepared and tested at (23 * 2) °C. The relative humidity shall be not les;

8 d).

o

ren in

properties between blank and holding jig-should be evaluated. An example of the test

nding
cified

than

6.2 Size of blanks

6.2.1 Apparatus

Micrometer, with an accuracy of 0,01 mm.

6.2.2 Procedure

Measure five blanks using a micrometer at the points where the size is specified by the manufacturer in
the instructions for use in Clause 8 d).
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6.3 Machining damage

6.3.1 General

Perform machining damage test in accordance with the method described in ISO 18675:2022, Clause 7.
Specifically, measure the three-point flexural strength for the control specimen fabricated by cutting
and grinding and for the machined specimen fabricated using a milling machine, and compare the
results between these specimens.

6.3.2 Apparatus

6.3.2|]1 Oven,setat (37 +1)°C.

6.3.2]12 Universal mechanical testing machine, capable of a crosshead speed of (1,0 = (,5) mm/min;
for example, see SO 7500-1.

6.3.2{3 Fixture for three-point bending, consisting of support rollers {1;5 mm to 2 mn in diameter,
tolerdnces are +0,2 mm) positioned with their centres (12,0 £ 0,1) mm,apart. The load shalllbe applied at
the mlidpoint between the supports by means of a third roller (1,5 mm‘to 2 mm in diametgr, tolerances
are *0,2 mm). Rollers shall be made from hardened steel or other hard material having a hardness
greatpr than 40 HRC (Rockwell C-scale) and have a smooth sugface with a roughness less/than 0,5 um
Ra. It|is recommended to measure the actual spacing between the centres of the support rollers, [, to
ensutle itis (12,0 = 0,1) mm.

6.3.2]4 Micrometer, with an accuracy of 0,01 mm.
6.3.2|5 CAD/CAM milling machine

6.3.3| Water
Water shall conform to ISO 3696:1987, Grade 2.

6.3.4| Preparation of test specimens

6.3.4{1 Test specimendimensions

The width is: w = (4,0 * 0,2) mm (dimension of the side at right angles to the direction df the applied
load)

The thicknessiis: b = (1,2 = 0,2) mm (dimension of the side parallel to the direction of the applied load).

Lengths.shall be at least 2 mm longer than the test span (12,0 £ 0,1) mm.

When the edge chamfer is necessary, it shall be prepared in accordance with the method described in
ISO 6872:2015, 7.3.1.2.1.

NOTE The dimensions of test specimen specified in this document are not verified for the measurement of
flexural strength absolute values for composite resin materials. There are some published scientific papers in
which flexural strength test of composite machinable blanks were performed at this size.

6.3.4.2 Test parameters

The test spanis: = (12,0 £ 0,5) mm (centre-to-centre distance between support rollers).

©1S0 2023 - All rights reserved 3


https://standardsiso.com/api/?name=6cf14e90bca9e8fda9adf4db3aed46b7

ISO 5139:2023(E)

6.3.4.3 Control specimen

Prepare test specimens from blanks. Polish the surface of specimen until the required thickness is
reached. Perform the final polishing using P1000 or finer silicon carbide waterproof abrasive paper.
Confirm the absence of chipping in the centre portion.

Specimens shall be plane-parallel for bending test. Prepare five specimens. Store the specimen in water
at (37 £ 1) °Cfor 7 d £ 4 h until the start of testing.

NOTE An

6.3.4.4 Mg
Fabricate tes

It is desirabl
milling. It is
setting the si
three-point |

After the md
disks).

Prepare five
tested due ta

Store the sps

subjected to
NOTE
6.3.5 Prod

Measure the
centrally on

example of detailed method is shown in Annex A.

chined specimen

t specimens of the abovementioned dimensions by the milling machine.

e to adopt a milling design and processing path that avoids bending test speciniens d
11so desirable to arrange appropriate supports in the milling design for thispurpose.
ipports, ensure that the supports are located on the outer area of the tést specimen f]
ending test.

machining failure.

cimen in water at (37 £ 1) °C for 7 d £ 4 h until the&Start of testing. The test specimel
the bending test without further surface polishing as is used for the control specimel

Anpnex B gives an example of a specific milling design for test specimens from blanks.

edure

cross-sectional dimensions of edch'test specimen to £0,01 mm. Then, place a test spe
the supports of the test machine so that the load is applied to a 4 mm wide face a

line perpendficular to the long axis of the test specimen and determine the maximum load requi

break the tef

t specimen. Use a crosshead speed of (1,0 = 0,5) mm/min. Repeat the procedure wi

uring
When
br the

chining process, cut off the support portion using an appropriate method (e.g. diamond

specimens having plane-parallel surfaces. Report the number of specimens that cannot be

1S are
1S.

Cimen
ong a
red to
th the

remaining tejst specimens.
6.3.6 Expression of results
6.3.6.1 Calculation
Calculate thq flexural strength, o, in megapascals:
3FI
o= >
2wb
where
F is the maximum applied load, in newtons;
I is the distance, in millimetres, between the supports, i.e. 12 mm;
w is the width of the test specimen, in millimetres;
b is the thickness of the test specimen, in millimetres.

© IS0 2023 - All rights re
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Calculate the mean and standard deviation of the flexural strength values for control and machined
specimens, followed by the percentage of change in flexural strength of the machined group as
compared with that of the control group.

6.3.6.2 Testreport

Testreport for machining damage should be in accordance with ISO 18675:2022, 7.3. The documentation
of the test shall include at least the following information:

a) name of manufacturer, brand name, shade - if applicable;

b) size of the h]nnk(c)-

c) loet-number of the blank(s);

d) f3brication conditions of the control specimens including sectioning methodology and finishing of
the surface;

e) lgngth, width and height of the bar test specimens;

f) characterization (manufacturer, brand name, accuracy, etc.) of the-micrometer gauge or another
appropriate device used to perform all necessary dimension measurements;

g) characterization (manufacturer, brand name, accuracyyjetc.) of the milling maclhline used to
fabricate the specimens as a well as machining conditions (bur size, bur grit, feed rate if known)
apd software (manufacturer and version) used for machining;

h) ipstruments (manufacturer, brand-name, accuraey;.etc.) used for mechanical testing aind conditions

of the test (such as crosshead speed, load cell);

i) flexural strength values of each specimen as well as mean and standard deviation of each group -
bntrol and machined;

(@]

j) percentage of change in flexural stiréngth of the machined group as compared to the cpntrol group;
k) number of specimens that cannot be tested due to machining failure;

1) appropriate statistical analysis to determine significant differences;

m) International Standard-used (including its year of publication);

n) ahy deviation frem-recommended test procedure and unusual features observed;

o) dgte of test.

7 PBackaging and labelling

7.1 Packaging

The components of the polymer-based composite machinable blank shall be supplied in such containers
that the contents are adequately protected and the quality of the polymer-based composite machinable
blank is not adversely altered before the expiry date marked on the package and the container [see
7.2.2 f)].

7.2 Labelling

7.2.1 General

The relevant information shall be provided on the outer pack, polymer-based composite machinable
blank or included in the instructions for use.

© IS0 2023 - All rights reserved 5
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7.2.2 Labelling of outer pack

Each outer pack shall be labelled with at least the following information:

a)
b)

c)

d)
e)
f)

g)
h)

Additional information can be included at the discretion of the manufaeturer.

7.2.3 Labelling of polymer-based composite machinable blank

name and address of the manufacturer;
trade name of the polymer-based composite machinable blank;

shade(s) or description which can be related to the manufacturer's shade guide or that
recommended by the manufacturer;

size dimensions and packaging quantity;

any spedial storage conditions;

expiry dpte when stored in accordance with the recommended conditions, expressed as'yedr and
month agcording to ISO 8601-1;

lot number (batch code);

the word “radio-opaque” if the material is claimed to be in accordance with the requiremepts of
ISO 4049:2019, 5.5.

Machinable hlank (the resin part or holding jig) shall be labelled“with at least the following informption:

a)
b)

<)

8

statements allowing identification of the product name or product;

shade(s)| or description which can be related to the manufacturer's shade guide o1 that
recommgended by the manufacturer;

lot number (batch code).

Instrugtions for use

Instructionsifor use, together with the description of the product, shall be provided by the manufa¢turer
for the user and accompany eachiset or package of polymer-based composite machinable blank with at

least the follpwing information

a)
b)

‘)
d)

e)

f)
g)

h)

name anjd address ef.either the manufacturer or the distributor, or both;
trade nane of the polymer-based composite machinable blank;

range offapplication;

dimensions of blanks;

range of dimensions of inorganic filler particles and the percentage by volume of total inorganic
filler;

processing (CAD/CAM milling) conditions (recommended milling machines, etc., as needed);

information about adhesive (either treatment method and recommended adhesives or cements, or
both); if adhesion strength is to be specified in the instruction for use, indicate specified adhesives
and test methods;

recommended procedure for finishing and polishing, and the polishing agent to be used;

any special storage conditions;

© IS0 2023 - All rights reserved
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j) if radio-opacity is claimed, this shall be determined in accordance with ISO 4049:2019, 7.14 and
the value stated in the instructions; if certain shades amongst others that are radio-opaque are
not radio-opaque, this shall be stated; if the radio-opacity value of another shade or shades is more
than twice the “universal” shade value, this shall be stated, and the manufacturer shall give an
indication, either quantitatively or qualitatively, of the differences; an explanation of the radio-
opacity value shall be included, for example, aluminium has a radio-opacity equivalent to that
of dentine; thus 1 mm of material having a radio-opacity equivalent to 1 mm of aluminium has a
radio-opacity equivalent to that of dentine and 2 mm of aluminium is equivalent to enamel;

k) date of issue of instructions for use.

Additional information can be included at the discretion of the manufacturer

©1S0 2023 - All rights reserved 7
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Annex A
(informative)

Preparation method of control specimen for flexural strength

A.1 General

This annex pIresents the method for preparing flexural strength test specimens without edged,ch

by cutting of]
control speci

This annex

them from blanks. The bending test specimens prepared under this method canbe’u
mens for machining damage tests.

4 mm x 1,2 (hm x 14 mm from a blank measuring 14,5 mm x 14,5 mm x 18 mm.

A.2 Appa

A.2.1 Cuttj

The cutting
irrigation fu
blade.

EXAMPLE

Model na

ratus

ng machine.

The following model is an example of a cuttirigmachine suitable for the purposel).

me: [soMet® 1000 (BUEHLER)

Cutter part No.: [soMet® Diamond Wafering Blade's

Grit grad
Arbor SiZ

Arbor Siz

A.2.2 Micr

b: 15LC Diamond, 15HC Diamond
e: 12,7 mm, diameter 102 mim x blade thickness 0,3 mm, model No.: 11-4254

e: 12,7 mm, diameter ¥52 mm x blade thickness 0,5 mm, model No.: 11-4276

pometer, with an accuracy of 0,01 mm.

A.2.3 Silicpn carbide(abrasive paper, waterproof and grit sizes of silicon carbide of P100

P2000 in acc

prdanee-with 1SO 6344-3.

A.3 Proce

idure

illustrates the method for making eight test specimens with\ dimensiol

machine should be equipped with a holding unit capable of fixing the block and a
hction and to allow preparation of test specimen§’with parallel planes using a diajmond

amfer
ted as

s of

vater-

D and

A.3.1 Cutting of test specimens in the longitudinal (length) direction

Choose any of the 14,5 mm x 18 mm sides of the blank, and draw lines using a permanent oil-based
marker pen or the like to prepare the blank for cutting the 4 mm wide plane of the test specimen (see

Figure A.1).

Mounting the holding jig of the blank to the cutting machine’s holding unit, cut the blank along the

marked lines

to obtain a length of at least 14,2 mm (see Figure A.2).

1

IsoMet® is a product name of BUEHLER, 41 Waukegan Road Lake Bluff, IL, 60044-1699 USA. This information

is given for the convenience of the users of this International Standard and does not constitute an endorsement of

this system by

8

ISO.
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k']

Key
1  drawing lines

Higure A.1 — Specification for the position of the 4 mm width plane/ofthe test specimen

Dimensions|in millimetres

Figure A.2 — Cutting of test specimens in the longitudinal (length) directipn

A.3.2 Cutting of test specimens in the width, w, direction

Mounit the long side of the blank to the cutting machine’s holding unit and cut the long aixis direction
under running watex-to 4,2 mm thickness (see Figure A.3). Next, using P1000 and|then P2000
watelproof abrasiye paper, polish the surface described in Figure A.3 and its opposite sjrface in the
long-axis directiof, so that the width of the specimen, w, measured at four sites is within| the range of
(4,0 40,2) mm,and differences among the measured values are within 0,05 mm.

After|polishing with abrasive paper of at least P1000, visually check for any flaws caused djiring cutting
or polishing

©1S0 2023 - All rights reserved 9
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Dimensions in millimetres

/ / / 7
/ / /
/ / v
/ / /
/. / /
T T 1 O
Lo 0
] N /
| | | N\ n
| | | Y
42 | 42 W ’

a The unfil
NOTE Th
A.3.3 Cutt

Fix the long
water to ob
Subsequently
perform dry|
sides) and th
thickness mg¢
and differen
thickness me
differences b

b) Polishing direction and specimenwid
measurement points

a) Cutting planes

ed arrow in the figure shows the polishing direction.

e dotted circles in Figure A.3 b) indicate the specimen width measurement points.

Figure A.3 — Cutting of test specimens in the width,)w, direction

ing of test specimens in the thickness, b, direction

tudinal (Iength) side onto the cutting machine’s holding unit and cut it under ru
Fain a thickness of about 1,4 mm (wherecindicated by dotted lines) (see Figure
I, polish the cut pieces using a waterproef abrasive paper of at least P1000 or fine
polishing in the long-axis direction or.the length-width plane (both the front and
e length-thickness plane (both the froent and back sides). In the short-axis directio
asured at three points, including\the centre, shall be within the range of (1,2 + 0,2
es between the measured values-should be within 0,01 mm. In the long-axis directio
asured at three points including the centre shall be within the range of (1,2 + 0,2) mn
etween the measured valties should be within 0,02 mm (see Figure A.4).

10

nning
[ A.4).
r, and
back

n, the

mm,
n, the
h, and
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Dimensions

Q

A

NOTE

After
detec

Verify

ted.

a) Cutting planes

b) Polishing direction and thig
measufement points

he unfilled arrow in the figure shows the polishing direction.

The dotted circles in Figure A.4 b) indicate the thickness‘measurement points.
Figure A.4 — Cutting of test specimensin the thickness, b, direction

polishing using abrasive paper of P1000 .or finer, eliminate specimens with any f

 that there are no evident chips on the edge of the test specimen (see Figure A.5).

© IS0 2023 - All rights reserved
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a) Test specimen with chipped edges &\

@)Test specimen without chipped edges
NOTE Th length of in@ed line means the scale of 100 pm.

?§Q Figure A.5 — Edge of the test specimen
A

7o)

12 © 1S0 2023 - All rights reserved
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Milling design of test specimen for machining damage

Figure B.1 presents an example of milling design for preparing bending-test specimens used to
determine machining damage in blanks.
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e arrow in the figure shows the length efthe test specimen.

Figure B.1 — Example of milling design
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ISO 5139:2023(E)

Annex C
(informative)

Test method to determine the bonding properties between blank

and holding jig

C.1 Gene

The blank s}
debonding t

between blank and holding jig.

C.2 Debo

C.2.1 Gen¢

This clause describes the method for measuring the bonding propertybetween blank and holding

performing 2
as to apply a
type of peel {

C.2.2 App

C.2.2.1 Un
for example,

C.2.2.2 LOI

blank is sha
blank width.

holding jig amd the blank by pressing from above the blank.

C.2.2.3 De
plastic) capa

of the blade movement:

C.2.3 Prog

ral

jould not peel off or fall out of the holding jig during the milling process. Imthis 4
est and impact test are presented as methods for measuring the bonding prop

nding test

bral

debonding test. For measurement, the holding jig is set'onto the debonding test fixtj
load perpendicular to the longitudinal axis to the holding jig (see Figure C.1). This te
est and simulating the initial step of touching the€ milling bar on the blank.

hratus

versal mechanical testing machine, capable of a crosshead speed of (1,0 * 0,5) mm
see [SO 7500-1.

ed as a rod with a diaméter of (2,0 £ 0,2) mm and a length equal to or greater thg
The blade should be mévable in the direction parallel to the bonding surface betwe

bonding test fixture, which is a jig fixing device made of hard material (e.g. metz:
ble of setting.the bonding surface between the holding jig and blank parallel to the dir¢

edure

nnex,
erties

jig by
ire so
st is a

min;

d applying blade, made of hard material (e.g. metal), of which the portion contacting the

n the
en the

11 and
ection

load

Set the hold

i3 4+ +1 dala s 4+ £ £ -4 | £ i oot +l lalad 1
15 JTg VU UIT UCTDUITUTITS TCS U TTATUT T dITU TITUUITTU T SUtIdatU e UTautc L diT dpply

perpendicular to the longitude axis of the holding jig.

At this step, position the blade at the point of the total length of the block minus (2,0 + 0,5) mm from the
bonding surface between blank and holding jig.

Apply a load to the test specimen at a crosshead speed of (1,0 + 0,5) mm/min (debonding test). Record
the load at the debonding.
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